SUMMARY The proliferative activity in endometrial stromal granulocytes was studied using two approaches. Firstly, mitotic activity was studied in paraffin wax embedded sections of normal nonpregnant endometrium and early pregnancy decidua stained with phloxine-tartrazine. Secondly, the monoclonal antibody Ki67 was applied to cryostat sections of similar tissues. Endometrial stromal granulocytes were identified by their labelling with NKH1, Dako Tl 1, UCHL1 or Dako-LC. The percentage ofcases in which endometrial stromal granulocytes showed mitosis was 25%, 75%, 86%, and 93%, respectively in proliferative, early secretory, mid secretory, and late secretory phases, and 14% in early decidua. There were at most one or two endometrial stromal granulocytes in mitosis per 10 high power fields. Double labelled cells were present in small numbers in proliferative endometrium and in moderate numbers in secretory endometrium. Only a few cells in early decidua double labelled with Ki67/T1 1; moderate numbers of cells double labelled with Ki67/Dako-LC.
histochemical studies indicate that endometrial stromal granulocytes are, in fact, lymphoid cells45 reactive for the leucocyte common antigen (CD45), and for the T cell antigens CD2 (E-rosette receptor), CD7, CD38 (OKT1O), UCHL1 and MT1. Ritson and Bulmer also described unusually intense reactivity with NKH1, a marker of large granular lymphocytes and natural killer cells,6 although the cells were negative for the classic natural killer cell markers Leu 7 and Leu 11 (CD 16) . Thus endometrial stromal granulocytes seem to be CD2, CD7, CD38, NKH1 positive granulated lymphocytes which fail to react with classic mature T lymphocyte or natural killer cell markers.
Their phenotype is similar to that of a small peripheral blood natural killer subset,7 but at present the kinetics and differentiation of endometrial stromal granuloAccepted for publication 4 August 1988 cytes are unknown. Marchand reported mitotic activity in granulated cells in human endometrium8 but his observation was not endorsed by other studies.29 Reports that endometrial stromal granulocytes are fully differentiated cells that are not seen in mitosis raises questions as to whether they influx into endometrium directly from the blood or, alternatively, differentiate in situ from bone marrow derived precursors.
In this study two approaches were used to investigate the proliferative activity of endometrial stromal granulocytes in human endometrium. Routinely processed and wax embedded sections of cyclical endometrium and early pregnancy decidua were stained with phloxine-tartrazine and the number, distribution, and mitotic activity of endometrial stromal granulocytes noted.
Secondly, fresh tissues from normal endometrium and early pregnancies were treated with monoclonal antibodies previously reported to react with endometrial stromal granulocytes.' Ki67, which reacts with cells at all stages of the cell cycle other than G., was used as a marker of proliferation.'" The method used has been described in detail previously." Tissues were initially treated with Ki67 using an indirect immunoperoxidase reaction or the streptavidin-biotin-peroxidase kit as described above. The immunoperoxidase technique was performed first as it has been reported that the DAB reaction product blocks antigenic sites on the first monoclonal antibody and therefore prevents the alkaline phosphatase-conjugated anti-mouse immunoglobulin reacting with the first monoclonal antibody, a potential source of cross reactivity. Standard controls were performed at all levels for both the immunoperoxidase and the alkaline phosphatase reactions. Serial sections on either side of the test section were labelled by an indirect immuno- group Their numbers are small in proliferative and early secretory phase endometrium, rise as the cycle progresses, and reach a peak in early pregnancy decidua.'°Our findings agree with those of other studies. Recent studies of human decidua and endometrium indicate that endometrial stromal granulocytes are phenotypically unusual lymphocytes. Although they may ultimately derive from bone marrow, the precursor cell is not known and the question is raised as to whether they influx into the endometrium directly from the blood as phenotypically unusual mature cells or differentiate in situ from bone marrow derived immature precursors, possibly under hormonal influence. There is ultrastructural evidence for in situ differentiation of rat and mouse granulated metrial gland cells, which are proposed analogues of human endometrial stromal granulocytes, from lymphocytelike precursors.'2"3 Alternatively, fully differentiated granulated lymphocytes may migrate directly into endometrium in the secretory phase of the menstrual cycle. Changes in circulating natural killer cells in pregnancy have been noted.'4 Natural killer cells are also granulated lymphocytes, and variations in periheral blood natural killer cells may be related to changes in endometrial stromal granulocytes in decidua. Any change in early pregnancy of the small peripheral blood natural killer cell subset, which is phenotypically analogous to endometrial stromal granulocytes,' remains to be investigated. Functional studies ofendometrial stromal granulocytes separated and semi-purified from early pregnancy decidua show low but significant levels of cytotoxicity in a standard K562 chromium release assay for natural killer group.bmj.com on October 14, 2017 -Published by http://jcp.bmj.com/ Downloaded from Proliferation in endometrial stromal granulocytes 39 activity (Riston A, Bulmer JN, unpublished observations), and a phenotypically similar cell population has recently been described in the peripheral blood. 7 The increased incidence of these cells, particularly in the late secretory/premenstrual endometrium and early decidua must indicate influx from the circulation, or multiplication in situ. The accumulation of CD2 positive, CD3 negative lymphocytes (endometrial stromal granulocytes) around arteries could result from their access to endometrium directly from the blood. Alternatively, a factor such as progesterone diffusing from the blood could influence division or differentiation of precursor lymphocytes in a perivascular location. This perivascular accumulation of endometrial stromal granulocytes was originally attributed to diffusion from the blood of circulating progesterone, causing morphological changes in stromal cells.23
Another possibility not previously considered is that endometrial stromal granulocytes are related to and could derive from intraepithelial lymphocytes as may occur in mucosal associated lymphoid tissue in the gastrointestinal tract. Endometrial stromal granulocytes certainly are present in an intraepithelial location between the gland epithelial cells in endometrium throughout the menstrual cycle and early pregnancy (Pace D, unpublished data). The importance ofthis finding is uncertain at present and is currently being investigated.
The proliferative activity of endometrial stromal granulocytes measured by the percentage of cases exhibiting mitoses and the number of cells double labelling with Ki67 and the other monoclonal antibodies does not mirror the number ofendometrial stromal granulocytes present. There seems to be a definite and pronounced increase in proliferative activity on progressing from the proliferative to the early secretory phase, although the numbers of endometrial stromal granulocytes remain roughly the same. This trend continues through the secretory phase with almost all cases (93%) in the late secretory phase showing mitotic activity. Interestingly, in the early pregnancy decidua, although the numbers of endometrial stromal granulocytes increase, the proliferative activity apparently diminishes to even lower levels than that seen in proliferative endometrium.
In frozen sections of decidua most double labelled cells were Dako LC-positive but NKH1 and Tllnegative. These mitotically active cells may have represented macrophages which are known to be abundant in early pregnancy decidua.'3 The phloxinetartrazine sections ofearly pregnancy decidua bear out the fact that very few endometrial stromal granulocytes are mitotically active.
Endometrial stromal granulocytes substantially diminish in number after the first trimester of pregnancy, and lack of proliferative activity in early pregnancy decidua may reflect the subsequent decrease in numbers. The predominance of endometrial stromal granulocytes in early pregnancy may also have a functional importance: maximum numbers of endometrial stromal granulocytes are observed around the time of blastocyst implantation2"' and a local immunoregulatory role has been proposed. Endometrial stromal granulocytes, however, are often not found locally at the tubal implantation site in ectopic tubal pregnancies,'6 thus casting doubt on their role as an essential component in implantation.
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